Five primer pairs were developed that amplify microsatellite loci in three agronomically important Echinochloa (L.) Beauv. species: E. colona (L.) Link, E. crus-galli (L.) Beauv. and E. crus-pavonis (Kunth) Schultes. The microsatellites were tested on 24 individuals representing three species collected in rice fields from different geographical regions and revealed 3-7 alleles per microsatellite. Gene diversity [1 − − − − Σ Σ Σ Σ p ij 2 ] for four polymorphic loci within E. crus-galli ranged from 0.12 to 0.61. Alleles at a fifth locus were useful in discriminating the species. The microsatellites should provide useful markers for intraspecific diversity studies and aid classification of species within this complex genus.
The genus Echinochloa includes some of the world's most important agricultural weeds. Studies on diversity in Echinochloa are hampered by difficulties in distinguishing the different species. The taxonomy of the genus is complex, due to the wide morphological diversity that is present and some 20 -50 species have been described (e.g. Michael 1983 ). Echinochloa crus-galli (L.) Beauv., E. colona (L.) Link and E. crus-pavonis (Kunth) Schultes are three of the most serious weeds in rice fields worldwide. However, very little is known about the population genetic structure of the species (Holm et al . 1977) . The recent evolution of herbicide resistance in some populations has increased concerns over achieving effective weed control and heightened the need for improved identification and diversity studies of populations. Recent attempts to investigate the population genetic structure of Echinochloa spp. have utilized allozymes and randomly amplified polymorphic DNA (RAPD) markers (Gonzalez-Andreas et al . 1996; Lopez-Martinez et al . 1999; Rutledge et al . 2000) . Variation was identified among species and populations from different origins but not all species or populations could be distinguished and only limited intrapopulation variation was observed. To be effective at the field level, management strategies designed for the control of these aggressive weeds will require more detailed knowledge on variability within, as well as among, populations and species. With the aim of developing more informative population genetic markers, we developed a microsatellite-enriched library for the isolation of microsatellite loci in Echinochloa .
Genomic DNA was extracted from leaves of one E. colona individual according to the DNeasy Plant Mini kit (Qiagen) protocol. The method for construction of a microsatelliteenriched library was based on Karagyozov et al . (1993) , Armour et al . (1994) and Edwards et al . (1996) as described in detail in Brookes et al . (2001) , with the exception of the cloning steps. Following the hybridization-selection reamplification, like amplification products were pooled, purified and resuspended in 25 µ L of SDW. Fragments (1 µ L) were cloned into the pCR TOPO 4.0 plasmid and transformed into TOP10 chemically competent cells following the manufacturer's instructions (Invitrogen Co.). Cloning efficiency was improved by incubating the TOPO cloning reaction for 30 min. Library clones were replicated onto Hybond N + (Amersham) membranes using a 96-well replicator (Sigma). The library was screened with synthetic (CT) 15 and (GT) 15 probes (synthesized and desalted by GibcoBRL) end-labelled with [ γ 32 P] (Amersham). Plasmid DNA was purified using the QIAprep Spin Miniprep Kit (Qiagen). DNA sequence of positive clones was determined using an ABI Prism™ 377 Automated Sequencer, after cycle sequencing using the ABI Prism™ Big Dye™ Kit Correspondence: Dr Angela Karp. Fax: + 44(0) 1275 394007; E-mail: angela.karp@bbsrc.ac.uk (Applied Biosystems). Of 48 clones, nine ( ∼ 19%) contained microsatellite repeats. In three of the clones, there was insufficient flanking sequence to permit the design of primers. Six primers sets were designed using primer version 0.5 (Whitehead Institute for Biomedical Research), synthesized and desalted by Sigma Genosys Ltd.
Microsatellite amplification was performed in reaction volumes of 12.5 µ L containing 5 ng DNA, 1 × PCR buffer (10 m m Tris-HCl, 50 m m KCl, pH 8.5, 1.5 m m MgCl 2 , 0.001% gelatine), 0.5 U Taq polymerase (GibcoBRL), 200 µ m dNTPs, 25 ng reverse primer, 25 ng forward primer end-labelled with [ γ 33 P]-ATP (Amersham). The reaction proceeded on a GeneAmp PCR System 9700 (Applied Biosystems) thermal Cycler for 35 cycles (94 ° C for 1 min, 54 ° C for 1 min, 72 ° C for 1 min) and then one cycle (72 ° C for 10 min). Amplification products were resolved on 6% polyacrylamide denaturing gels (60 W for 2 h) and visualized using autoradiography. Allele sizes were determined by comparison to a pBSMB DNA size standard (Amplicycle™ sequencing kit, Applied Biosystems). One primer pair failed to amplify DNA in any of the species tested.
Polymorphism was assessed using 24 samples of Echinochloa from six geographical locations (Table 1) .
Sixteen samples were of E. crus-galli , and four each of E. crus-pavonis and E. colona . The E. colona were from populations differing in herbicide resistance from two locations. All five microsatellites showed inter-and/or intraspecific polymorphism (Table 2) , with 3 -7 alleles per locus. Gene diversity [1 − Σ p ij 2 ] for four loci (EC1, EC2, EC3 and EC5) polymorphic within E. crus-galli ranged from 0.12 to 0.62. Amplification of the fifth locus (EC4) in E. colona gave two alleles, which were not observed in any of the E. crus-galli and E. crus-pavonis samples. Loci EC2 and EC3 also gave unique alleles in E. colona (Table 2 ). Up to five alleles were amplified within individuals, which is consistent with the hexaploid constitution of the species. The microsatellites reported here should provide useful markers for studying population genetic structure within Echinochloa species and also aid discrimination among species in the genus. 
